Flesh firmness and total soluble solids content (SSC) are widely used to define post-harvest quality of kiwifruit during ripening. It is also interesting to investigate the other potential factors involved in this process. In this research, the role of calcium ions (Ca 2+ ) on kiwifruit ripening (Actinidia deliciosa 'Hayward') was investigated. It is known that Ca 2+ and other divalent ions delay ripening and senescence of kiwifruit. However, the way in which divalent ions act is not yet completely understood. The aim of this study has been to assess the effect of Ca 2+ on some enzyme activities. Fruit quality parameters, such as fruit total calcium content, firmness, SSC and some enzyme activities were determined after harvest and during cold storage of fruits from plants grown in two different conditions of light exposition, namely exposed (E) and shaded (S). The results show that fruit firmness throughout the post-harvest period could be related with calcium content that was greater in exposed fruit than in shaded ones. During the whole storage period, amylase content was also higher in exposed fruits than in shaded ones while a slight difference between SSC respective trends was observed. A direct inhibitory effect of calcium on PG and on 23 KDa proteases was revealed. Even if pectinolytic proteins are considered the enzymes directly responsible for tissue softening, we also formulate an hypothesis in which kiwifruit proteases may be involved indirectly in ripening process.
INTRODUCTION
Fruit ripening is associated with several phenomena such as changes in respiration, ethylene production, soluble solids and sugars content. Starch conversion to sugar represents an important metabolic change during ripening (Bonghi et al., 1996) . Also textural changes and tissue softening, related to the modifications of the middle lamella structure, are important ripening-associated occurrences (Biale et al., 1981) . Enzyme-catalyzed changes in wall structure and composition are considered the major factor in fruit softening, although turgor loss and starch degradation during ripening might contribute to this process (Ali et al., 2004) . However, the mechanisms by which fruits soften during ripening remain unclear.
In fruit tissues, adjacent cells adhere to each other by the so-called 'glue', a pectinrich middle lamella (Brownleader et al., 1999) . Some studies showed that calcium ions (Ca 2+ ) bind to the pectin backbone to give a more rigid wall by Ca 2+ -bridging to form 'junction zone' between unesterified polygalacturonosides (Jackman and Stanley, 1995) . It is known that Ca 2+ and other divalent ions delay ripening and senescence of kiwifruit (Ferguson, 1984) . However, the way in which divalent ions act is not yet completely understood. Absorption and accumulation of Ca 2+ is influenced by light exposition of kiwifruit plant, that is the plant is able to absorb more calcium if more exposed to light (Smith et al., 1987; Xiloyannis et al., 2001 on some enzyme activities during kiwifruit ripening. In particular, the effect of Ca 2+ on amylase (α−A), proteases (P) and polygalacturonase (PG) activities in fruits from kiwifruit vines grown in different conditions of light exposition was examined.
MATERIALS AND METHODS
The trials were conducted on kiwifruit vines (Actinidia deliciosa 'Hayward') grown in two different conditions of light exposition in an experimental orchard near Metapontum (Basilicata Region, Southern Italy) (Fig. 1 ). The exposed condition was maintained through summer pruning, while the shaded treatment was obtained using a 70% shading-net. Fruit, namely Exposed (E) and Shaded (S), had at harvest an average penetrometer reading of 7.7 and 7.2 kgforce (kgf) and at a soluble solids content (SSC) of 5.6 and 5.2°Brix, respectively.
After calibration, the fruits of the 90-100 (g) weight class were stored at 10°C and 95% R.H. for 83 days. Samples of 13 exposed and shaded fruits were analysed at day 0, 10, 16, 21, 28, 35, 42, 51 and 83 after harvest. Fruit firmness was measured with a penetrometer (7.9 mm tip) and SSC estimated with a refractometer. Subsequently, a sample of 5 fruits having similar firmness and SSC values was chosen and the outer pericarp was blended and frozen immediately in a mortar with liquid nitrogen and stored at -80°C.
Calcium content was determined by atomic absorption. The homogenate was extracted by a modification of the method of Bonghi et al. (1996) . The extracts were analysed for protein content according to the method of Bradford (1976) and each extract was analysed for the relative enzymatic activities. Amylase activity was determined by colorimetric assay while protease and polygalacturonase activities were determined by specific polyacrylamide gel electrophoresis (SDS-PAGE).
RESULTS
In the first 16 days, flesh firmness decreased from 7.4 to 6.0 kgf in exposed fruits and from 7.3 to 3.7 kgf in shaded ones. The firmness of exposed and shaded fruits showed a negative correlation with relative SSC (R = -95 and R = -98, respectively). During the initial stage of storage, the firmness decreased faster in shaded fruits than in exposed ones and this trend was the main responsible for the slight difference between the correlation coefficients (Fig. 2 ). There were no marked differences between SSC trends of shaded and exposed kiwifruits (Fig. 2) . The values of SSC rose from 5.8 to 10.8°Brix in exposed kiwifruits and from 5.5 to 10.0°Brix in shaded ones, increasing of about 70% of the overall increase, within the first 21 days of storage (Fig. 2) . At day 83, shaded and exposed kiwifruits reached slowly a similar value of SSC (12.5 and 12.6°Brix, respectively).
Calcium content of exposed kiwifruits was higher than that of shaded ones: average calcium content at harvest was 35 mg per fruit in exposed kiwifruits and 19 mg per fruit in shaded ones. The highest amylase activity in exposed fruits was measured at day 0, whereas the lowest values for both exposed and shaded fruits was measured at day 21 (Fig. 3) . Αmylase content during the whole storage period was higher in exposed fruits than in shaded ones (Fig. 3) . This result suggests that amylase activity can be related to calcium content.
Protease activity, detected on SDS-PAGE, revealed enzymes with a molecular mass of about 23 and 80 KDa (Fig. 4) . The effect of dithiothreitol (DTT), an important activator of cysteine proteases, indicated that the proteases of about 23 KDa were cysteine proteases (Fig. 4) . It is noteworthy that exogenous Ca 2+ caused the inhibition of the cysteine proteases of kiwifruit even in the presence of DTT, contrary to the results described by Sugiyama et al. 1996 on kiwifruit fruits (Actinidia chinensis). Nothing is reported in literature about the protease of kiwifruits with a molecular mass of about 80 KDa. Our data show that exogenous Ca 2+ did not affect the activity of this protease. As regards PG, our results on SDS-PAGE did not detect PG activity either in exposed or in shaded fruits but revealed an inhibition by exogenous Ca 2+ on PG of Aspergillus niger, used as standard enzyme (Fig. 5) .
DISCUSSION
Several structural and biochemical changes occurred during fruit development and ripening. Kiwifruit fruit softened continuously during the storage period at 10°C and 95% R.H., with a remarkable change in softening occurring at 21 days after harvest. This change was more evident in shaded fruits. At the same day, the lowest values of α-amylase activity were observed both in exposed fruits and in shaded ones.
Although the mechanisms and the relationships among all the events occurring during the ripening process remain to be elucidated, our data support the view that starch degradation by α-amylase can play a crucial role in the early events of kiwifruit softening (Bonghi et al., 1996) . The conversion of starch to sucrose is probably regulated at the level of starch mobilisation, and also at the level of sucrose synthesis via activation of sucrose phosphate synthase (MacRae et al., 1992) . The slight difference observed between the SSC values in exposed and shaded fruits could partially explain the delayed softening in exposed fruits; in fact, as consequence of a greater SSC, a greater cell turgor pressure could be expected. Considering that α-amylase requires Ca 2+ for stability and activity (Witt and Sauter, 1996) , we conclude that starch degradation and high levels of calcium can contribute to delay the softening process, although the relations between the osmotic, water and turgor potentials, and fruit firmness remain to be investigated.
Kiwifruits fruits contain abundant proteases, named actinidin, but nothing is known about their physiological function (Sugiyama et al., 1997) . The inhibitory effect of exogenous Ca 2+ on 23 KDa proteases allows us to claim that calcium may play other roles in kiwifruit softening. Moreover, we do not rule out the possibility that kiwifruit proteases may be involved indirectly in ripening process. For this reason we hypothesize that Ca 2+ could protect directly or indirectly cell wall integrity by different mechanisms.
Finally, the inhibitory effect of Ca 2+ on PG activity, probably due either to the interactions between calcium and substrate or to a direct action on this enzyme, suggests that endogenous Ca 2+ can delay softening. Considering the importance of the understanding of the ripening process and the evaluation of quality in kiwifruit during the storage period, further studies on the influence of calcium on various enzymatic activities are in progress. 
